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Abstract 
The current study consisted of two experiments involving adult and child Chinese 
readers respectively. The aim of the study was to investigate the serial position effects of 
normal readers in processing multi-element array and to see if visual attentional deficit theory 
could explain developmental dyslexia. Participants were tested on their ability in processing 
multi-element array using a two-alternative forced-choice task. Letters, digits, symbols, 
Chinese characters and logographeme were used as stimuli. Skilled Chinese readers gave an 
inverted V-shaped serial position function for all stimuli. It was contradict with what 
previously found in alphabetic readers and reflected a difference in visual processing 
mechanism for different language users. Also, performance of lexical/verbal materials were 
significantly better than that of non-lexical/non-verbal materials for all participants. This 
suggested that the sound/meaning of the stimuli would help in visual processing but the 
visual processing mechanism is more sensitive to the reading background of participants.  
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Is visual-attentional deficit present in  
Chinese developmental dyslexia? 
Developmental dyslexia has been defined as a specific learning disability which is of 
neurological origin. It is characterized by difficulties in word recognition, spelling and 
decoding ability (Lyon, Shaywitz & Shaywitz, 2003). According to Snowling(2000), this 
specific learning disability should co-occurred with normal intelligence and adequate 
schooling without generalized developmental disability or sensory impairment.  
The etiology of developmental dyslexia is still under debate. Among all theories, 
theories concerning phonological deficit have gained a lot of support in the past ten to twenty 
years (e.g. Ho, Law & Ng, 2000; Snowling, 2001; Ziegler & Goswami, 2005). Many believe 
that dyslexia is associated with the deficit in phonological awareness or phonological 
processing in alphabetic language. For Chinese, Ho et al. (2002) used onset detection, rhyme 
detection task and repetition task as parameters to measure phonological awareness and 
phonological memory in Chinese dyslexic children. The result suggested that chinese 
children with dyslexia correlated significantly with difficulties in processing phonological 
information, which was similar to their western counterpart. However, there are studies that 
against the view of this theory (e.g. Castles & Coltheart, 2004; Tree & Kay, 2006). Castles et 
al. (2004) reviewed a number of previous studies and concluded that there was no 
unequivocal evidence supporting the causal link between phonological awareness and reading 
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and spelling acquisition.  
Visual attentional deficit theory and related studies 
Other than phonological deficit, the visual attentional deficit(VAD) is thought to be 
another core deficit in children with dyslexia (e.g. Bosse & Valdois, 2003; Bosse, Tainturier 
& Valdois, 2007, Valdois, Bosse & Tainturier, 2004, Vidyasagar & Pammer, 2010). It has 
been gaining increasing support in recent years. Ans, Carbonnel, & Valdois (1998) proposed a 
model to explain the reading procedures in normal reader which included a global reading 
mode and an analytic reading mode. During the global mode, visual attentional 
window(VAW) will cover the whole letter string and orthographic information will be 
extracted. Only the orthographic inputs that are located within the VAW will be maximally 
activated and processed. Lexical knowledge is then formed when the phonological 
correspondence matched with its orthographic form in the global mode (Valdois et al., 2004). 
According to VAD theory, children with dyslexia will have a narrower VAW thus failed in the 
global mode. Also, they will have difficulty in shifting the attention focus, which in turn 
slows down their processing in the analytic mode. This disturbs the process of new word 
acquisition as the form and sound of new word may not be recognized and memorized 
effectively. Thus some suggested that the underlying cause of phonological difficulties shown 
by children with dyslexia is actually visual deficit (Vidyasagar & Pammer, 2010). 
In order to investigate the effect of visual attention on children with dyslexia, Ziegler, 
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Pech-Georgel, Dufau & Grainger (2010) tested the children with dyslexia on their abilities in 
rapid processing of letter, digits and symbols in a multi-element array by a two-alternative 
forced-choice (2AFC) task. They used serial position function to describe the participants’ 
performance (% of correct) of a stimulus type (letters/digits/ symbols) in different linear 
positions (position 1 to 5). If visual attentional deficit theory is true, the reduced VAW will 
give an inverted V-shaped serial position function where position 3 will score highest, as the 
attention will be focused on the central fixation with limited width. The outer positions 
(position 1 and position 5) should have the worst performance. They predicted that if the 
deficit is visual attentional, the dyslexic group will give similar serial position functions 
across all stimulus types. The control group is expected to give serial position functions that 
are similar to normal readers as reported in the study of Tydgat & Grainger (2009). The serial 
position function for alphanumeric stimuli (letters and digits) will be W-shaped while that for 
symbols will be inverted V-shaped. However, both groups were found similar serial position 
functions for specific stimuli: W-shaped serial position functions for letter and digits and an 
inverted V-shaped serial function for symbols (Fig.1). 
6 
 
 
Figure 1 Ziegler et al. (2010)’s main result 
In normal readers of alphabetic scripts, the W-shaped serial position for letters and digits 
can be explained by the combination of drop in visual acuity for outer positions, crowding 
effect and specialized receptive field for alphanumeric stimuli. It is believed that the visual 
acuity drops for positions farther from the central fixation where visual attentional window is 
located. Thus the performance in middle position will be the best among the five positions. 
The better performance of outermost position compared to position 2 and position 4 can be 
explained by the crowding effect. The outermost position only got one flanking character 
while position 2 and position 4 both have two flanking characters. The more the flanking 
characters, the more interference will be exerted on that position. Also, Tydgat & Grainger 
(2009) suggested that the receptive field for alphanumeric stimuli have a change in size and 
shape which serves as an adaptive modification for lexical stimuli. For symbols, as there is no 
adaptive modification in receptive field, they will give an inverted V-shaped serial position 
function as a result of drop in visual acuity. The pattern of serial position functions for 
children with dyslexia was found to be similar to that of the control group, which does not 
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match with the prediction of visual attentional deficit theory. Ziegler et al. (2010) concluded 
that visual attentional deficit may not be the underlying cause of developmental dyslexia. On 
the other hand, they suggested that as the performance in verbal materials (letters, digits) is 
impaired while that of non-verbal material is not, the mapping between phonological and 
orthographic code may be impaired in children with dyslexia. This is based on the 
assumption that although oral naming task is not involved, phonological to orthographic code 
mapping ability is needed when processing a letter string. Therefore, the respective 
impairment account for their findings.  
Other than VAD, it is thought that across languages, children with dyslexia may show 
different natures of the deficit such as visual or phonological due to the difference in 
writing/orthographic systems (Symthe & Everatt, 2004). In the past, a majority of the 
literature investigated dyslexia in English and other alphabetical languages. There have been 
relatively few research studies on Chinese script.  
The characteristics of Chinese orthography 
According to Ho (2003) and Yin & Weekes (2004), Chinese is a morphosyllabic script in 
which the basic graphic unit is character that corresponds to a morpheme (i.e. basic unit of 
meaning) in a transparent manner. Each character is monosyllabic which can be described as 
an onset and a rime. Changing the tone of the syllable will change the meaning of the 
character. In sub-character level of Chinese script, a character can be further broken down 
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into radicals, logographeme and strokes. Among these units, phonological radicals provide 
information for the pronunciation of the character while the semantic radicals provide 
information for the lexical meaning of the character. Both of them can be found in 
compounded character. For the smaller unit such as logographeme and strokes, they contain 
no lexical or phonological information of the character. As a character directly corresponds to 
a syllable, the processing of Chinese character is less likely to be sequential but parallel or 
hierarchical. However, the orthographic system for alphabetic language such as English is 
different. The basic graphic unit is alphabet which roughly corresponds to phoneme but not a 
morpheme. This makes phonological awareness an important factor in alphabetical language 
in order to map phoneme to alphabet. Meanwhile, lexical knowledge is coded in the whole 
letter string. We may predicted that the relative importance of visual and phonological 
processing abilities to reading may be different between Chinese and alphabetic scripts. 
Huang & Hanley (1995) showed that visual skills are significantly related to reading ability in 
Hong Kong and Tai Wan children. Ho, Chan, Tsang & Lee (2002) also examined the 
cognitive profile of Hong Kong dyslexic children and found out that there are more 
individuals having an orthographic / visual deficit than a phonological deficit. Thus it seems 
that the cognitive deficit exhibited by Chinese dyslexic readers and western dyslexic readers 
may be different.  
The aim of the present study is to investigate whether normal skilled Chinese readers 
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performed similarly as their western counterpart in the rapid processing of multi-element 
array task. Also, we would like to investigate whether Chinese children with developmental 
dyslexia exhibit visual attentional deficit. The methodology employed by Ziegler et al. (2010) 
was adopted and Chinese materials (Chinese character and logographeme) were added. 
Chinese character simulated alphabet in a way that they could both exist independently and 
read aloud. Logographeme simulated alphabet in a way that they are both basic unit to make 
up a word. The processing of multi-element array and the serial position functions were 
studied to look at the visual processing of skilled Chinese readers and the effect of possible 
visual attentional deficit on children with dyslexia. Studying the character perception in 
multi-element array gives us information on visual processing while the effects of higher 
level phonological and semantic processing were minimized. The experiment used the 
two-alternative forced-choice (2AFC) task to generate the responses from the participants. 
This could avoid the need of giving oral response, which might involve the process of verbal 
coding and rapid naming which may confound the result.  
Chinese script is a different orthographic when compared with the alphabetic scripts. 
Chinese readers were expected to use different reading strategies as their western counterpart. 
The difference in performance in alphanumeric and symbol stimuli may not be found in 
Chinese readers as Chinese sub-character component is not arranged in a horizontal string 
like alphabet and numbers. If inverted V-shaped serial position functions are found across all 
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types of stimuli, it implies that Chinese readers are using a reading strategy different from 
that of alphabetic readers. However, if a W-shaped serial position function is found for letters 
and digits while the other stimuli obtain an inverted V-shaped serial position function, it 
implies that the processing of Chinese stimuli is similar to that of symbols. This might due to 
the morphosyllabic nature of Chinese scripts and the difference in allocation of the 
sub-character component. If a W-shaped serial position function is found for letters, digits 
and Chinese character while symbols and logographeme obtain an inverted V-shaped serial 
position function, it implies that lexical or phonological information contributes to visual 
recognition in early stage of reading. If children with dyslexia possess any of these 
underlying deficit may result in a reading failure. 
Experiment 1 
Tydgat & Grainger (2009) investigated the serial position effects of skilled French 
readers on Letters, Digits and Symbols in the data-limited identification task with 2AFC. The 
current experiment aims to investigate the serial position effects of Chinese skilled readers 
through using the same task. 
Method 
Participants 
Twenty university students were recruited from the University of Hong Kong. They 
were aged between 19-23, with mean age of 21; 8. They all reported having no written or oral 
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language impairment. They had normal or correct-to-normal vision.  
Stimuli and design 
The stimuli were presented in a five-character horizontal array. There were five types 
of stimuli including English consonants letters (B,D,F,G, K, N, L, S & T), Number (1 to 9), 
Symbol (/,ɤ,α, ¤, θ,Ω,£, §, ₪ ), Chinese character(反, 午, 片, 牙, 木, 今, 月, 父, 火)and 
Logographeme(Refer to appendix I ). For Chinese characters, independent but not 
compounded characters were chosen and they were occurred in high frequency. This ensured 
that the stimuli were commonly known by the participants as a real character which contained 
lexical meaning. For logographemes, to control for the visual complexity, the number of 
strokes of each logographeme was restricted to either 3 or 4 strokes. The five types of stimuli 
were then assigned into five blocks each contained 5 dummy stimuli and 60 target stimuli. 
The presentation of blocks was counter balanced among participants. In this study, a 
two-alternative forced-choice (2AFC) task was used. The targeted character would pair up 
with the same alternative character in which the alternative character would never be 
included in the target stimuli array. Among all the stimuli types, letters, digit and Chinese 
characters were thought to be associated with its own phonological codes and lexical 
knowledge while symbols and logographeme were non-verbal materials with little lexical 
knowledge in it. 
Procedure 
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The experimental procedures were adopted from Ziegler et al (2010). The experiment 
was run inside a dimly lit room with computer through using the E-Prime software 
(Psychology Software Tools, www.pstne.com/eprime). Each participant was seated in front of 
a CRT computer screen at a viewing distance of approximately 60cm. The stimuli were 
displayed in white with black background. The font size for letters, digits and symbol were 
18-point Courier New Font while that for Chinese character was 12-point Biaukai font. Each 
participant was given both oral and written instructions. Every participant was given 10 
practice trials before the experiment began in order to familiarize the procedures and the 
materials. Each trail began with two fixation bars located in the centre of the screen. 
Participants had to initiate each trial by pressing the space bar. Then the forward mask 
appeared. It consisted of five hash marks placed in the centre of the screen with two vertical 
fixation masks placed above and below the centre of it. It appeared for 515ms and the 
five-character array appeared immediately after that. The array stayed for 200 ms and was 
followed by a backward mask. The backward mask consisted of five hash marks placed in the 
centre of the screen. At the target position below and above the hash mark, there were the two 
response alternatives. Participants had to choose the character that appeared in the previous 
five-character array in the corresponding position. They would respond by clicking the 
upward arrow (representing the choice above the hash mark) or the downward arrow 
(representing the choice below the hash mark) of the keyboard. They were asked to respond 
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as accurately as possible. After that, the two fixation bars appeared again which marks the 
beginning of another trial. 
Results 
The data of the adult was analyzed using a 2-way 5(position) x 5(stimuli) repeated 
measure ANOVA. Position (1-5) and Stimuli type (letters, digits, symbols, Chinese characters, 
logographeme) are within-subject variables. Significant main effect of position (F(4, 76) = 
31.9, p <0.001) and stimuli (F(4,76) = 29.4 , p <0.001) were found. Significant interaction 
effect between position and stimuli (F(16,304) = 2.86, p <0.001) was also found. 
Post-hoc analysis using Tukey HSD test was carried out to identify what contribute to 
the significant interaction effect and the details are shown in Fig.2. 
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Figure 2 Serial position functions of Chinese skilled readers in the two-alternative 
forced-choice task with different stimuli type. The vertical bars represent standard errors. 
For letters, there was a significant middle position advantage over the other position 
show on the diagram. The group performance in the end position was significantly worse 
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than the other position. For digits, there was a significant middle position advantage which 
gave an inverted V-shape serial function. For symbols, the group performed significantly 
better in the middle position comparing with the other positions except position 1. This 
suggested that there was a tendency of first position advantage over the other position 
although it did not reach a significant level. For Chinese characters, the performance in 
middle position was significantly better than that of position 4 and position 5. This suggested 
that character occurred in the left side of the multi-element array was perceived slightly better 
than the right side of the array. For logographeme, there was a significant middle position 
advantage over the other positions, which was the same as digit stimuli. In conclusion, the 
skilled Chinese readers exhibited middle position advantage and gave an inverted V-shaped 
serial position function across all stimulus types. Position 1 and position 2 were not 
significantly different from each other, rejecting the possibility of having first position 
advantage.  
Other than the interaction effect of position and stimuli, the variable stimuli was found 
to have a significant effect. The participants’ mean accuracy of each stimulus was presented 
in Fig.3. Post-Hoc analysis using Tukey HSD test revealed that the performance of the 
participants for Symbols and Logographeme were significantly worse than the other three 
stimuli types. While their performance for Letters and Chinese characters were similar to 
each other, they perceived Digits most accurately. The mean accuracy of the participants for 
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Digits was significantly higher than the other four stimulus types. (Digits > Letters, Chinese 
characters > Symbols, Logographeme). From the result, Chinese skilled readers perceived 
letters and Chinese characters similarly although they were different language scripts. The 
processing of logographeme and symbols were similar as well. 
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Figure 3 Performance (Mean Accuracy) of skilled Chinese readers on each stimuli type in the 
two-alternative forced-choice task. The vertical bars represent standard errors. 
Discussion 
 Experiment 1 reveals that skilled Chinese readers presented an inverted V-shaped serial 
position function for all stimuli types except in Letters, where a final position disadvantage is 
found. The middle position advantage can be explained by the drop of visual acuity away 
from the central fixation (Pelli, Palomares, & Majaj, 2004; Tydgat & Grainger, 2009). It 
reflects that skilled Chinese readers focused their VAW in the central fixation. Also, the outer 
position disadvantage suggests that the participants may not be able to shift their attention 
during the experiment. This is reflected by the absence of more than one position advantage 
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in the serial position function. The current result does not support the SERIOL model by 
Whitney (2001) in skilled Chinese readers, and this is in line with the result of Tydgat & 
Grainger (2009) involving skilled French readers. It is a top-down approach suggesting the 
performance will be the best in the first position and slowly deteriorates until the final 
position. Instead, our results suggest that skilled Chinese readers do not perceive the first and 
second position differently. Thus crowding effect is not found in skilled Chinese readers. This 
is supported by Kwon & Legge (2006)’s study in which the crowding effect was found to 
affect children more than adult readers. Also, as all stimuli types presents similar serial 
position functions, the visual processing of skilled Chinese readers do not demonstrate the 
presence of specialized receptive fields as proposed by Tydgat & Grainger (2009). If our 
participants are employing parallel processing to read, similar serial position functions 
suggest similar receptive fields on different stimuli regardless of their properties. The reading 
strategy of skilled Chinese readers is not sensitive to stimulus types. This suggests that the 
process of learning to read in Chinese readers is different from their western counterpart and 
is uniquely affected by the Chinese orthographic system.  
 Regarding the main effects of stimuli types, the post-hoc pair-wise comparisons showed 
that the participants perform the best for digits, followed by similar performance in letters 
and Chinese characters, while the mean accuracies of symbols and logographeme are similar. 
We can see that stimuli containing lexical knowledge (letters, digits, Chinese 
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characters) ,which also matched in their orthographic form and phonological code, render 
better performance than non-lexical stimuli (symbols & logographeme) which cannot be 
named. The result was contradictory to that found in Ziegler et al. (2010) which showed an 
impaired performance for letters and digits but not symbols. In contrast, the better 
performance of letters, digits and Chinese characters suggest that lexical knowledge or the 
ability in mapping phonological code into orthographic form assists in the rapid processing of 
the multi-element array. However, it is believed that the processing mechanism for all stimuli 
in skilled Chinese readers is similar as they give similar serial position functions. This 
suggested that the difference in lexical knowledge or the phonological information that the 
stimuli carried will not significantly affect the visual processing mechanism of skilled 
Chinese readers. This is different from the findings in the Western readers who yielded a 
W-shaped serial position functions for lexical or verbal stimuli but an inverted V-shaped 
serial position function for non-lexical or non-verbal stimuli (Hawelka, Huber & Wimmer, 
2006 ;Tydgat & Grainger, 2009). Interestingly, in Chinese script, lexical knowledge does not 
always exist with a phonological code. There is sub-character unit that contained lexical 
meaning but did not map into any phonological code. Semantic radical in Chinese script 
found in the compound characters gave information about the semantic knowledge of the 
character but it was not always mapped into phonological code. In order to find out the 
difference in mean accuracies for processing different stimuli, we should include semantic 
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radical which could not be named in the future experiment. This allowed us to dissociate 
lexical meaning and phonological information from each other.  
Other than the better performance in lexical/verbal materials, the performance in digits 
was better than that of letters and Chinese characters. A possible explanation is that digits 
string used to appear in random combination while letter string and Chinese character string 
follow specific spelling or grammatical rules in combination. The familiarity of the 
arrangement of string may trigger faster visual processing. The more common the form of 
string is, the faster the visual processing.  
Experiment 2 
     Ziegler et al. (2010) attempted to verify the VAD theory of developmental dyslexia 
through investigating French school-aged children. The result did not support the presence of 
VAD in children with dyslexia as they gave similar pattern in serial position function as the 
control group. Also, the dyslexic group fielded an impaired performance for verbal materials 
but not non-verbal one. Thus Ziegler et al. (2010) hypothesized that the underlying deficit of 
the dyslexic group was the ability to map phonological code with its orthographic form. The 
previous experiment has investigated the skilled Chinese readers in rapid processing of the 
multi-element array, the current experiment aims to investigate the developmental trend of 
learning to read in Chinese readers. Also, we would like to know whether the VAD is the 
underlying cause of developmental dyslexia in Chinese children. 
19 
 
 
Method 
Participants 
Two groups of participants were recruited. They were children with dyslexia (dyslexic 
group) and normally-developed children (chorological age-matched control)  
Twenty-five children with dyslexia were recruited from Tin Shui Wai Methodist 
Primary School and Jordan Road Government Primary School. They were aged between 
8;02-11;00, with mean age of 9;5 years old. Their reading ability was assessed by the Hong 
Kong Graded Character Naming Test. Their reading performance had to be at least 1.2 S.D 
below the mean so as to include in the study. The non-verbal intelligence of the participants 
was assessed by the Raven’s Progressive Matrices (Raven, Raven & Court, 2003) and they 
were included in the study if their non-verbal intelligence were above 25 percentile. All of 
them passed the visual memory and visual spatial test. They had normal or correct-to-normal 
vision. All the participants have no reported history of written or oral language impairment.  
Twenty-eight normally developed children were recruited from Tin Shui Wai Methodist 
Primary School as control. They were aged between 8;01-11;05, with mean age of 9;2 years 
old. They were included if they passed the Hong Kong Graded Character Naming Test, the 
visual memory test and the visual spatial test. Their non-verbal intelligence and age was 
matched with the group of children with dyslexia.  
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Stimuli and Design 
The stimuli used in the current experiment were the same as that of experiment 1. The 
2AFC task was used to record the response of the participants.  
Procedures 
The basic experimental procedures were the same as experiment 1 except the venue 
arrangement. In the current study, 5 Participants were participating in the test at the same 
time. They were seated separately in front of a CRT computer screen at a viewing distance of 
approximately 60cm in a dim-lighted hall. They were told to keep quiet throughout the 
experiment and not to disturb the other participants. The numbers of trials and details of the 
2AFC task was the same as the previous experiment.  
Results 
The data of the children (dyslexic and CA control group) was analyzed using a 2(group) 
x 3(grades) x 5(position) x 5(stimuli) ANOVA and the result were shown in Table.2. Group 
(dyslexics Vs controls) and Class (P.3-P5) were between-subjects variables while position 
(1-5) and stimuli type (letters, digits, symbols, Chinese characters, logographeme) were 
within-subject variables. There was significant main effect of position (F(4,160) = 2.97, p 
<0.05) and stimuli(F(4,160) = 5.54 , p <0.001). However, no significant interaction was 
found. No significant main effect was found for the between-subjects variable group and 
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grade. Although the variable group did not demonstrate main effect, the mean accuracy of the 
control group was slightly higher than that of the dyslexic group. There was no significant 
interaction between any two of the variables. The triple interaction of position, stimuli and 
group was significant (F(16, 640) = 2.25, p <0.01). The four way interaction was not 
significant. 
 Post-hoc Tukey TSD test was used investigate what contribute to the main effect of the 
stimuli type factor. It reflected that the performance of both logographeme and symbols were 
significantly worse than that of letters digits and Chinese characters. This result was in line 
with what we have found in experiment 1. Participants got better result for stimuli with 
lexical knowledge or with its orthographic form mapped into phonological code. Those did 
not contain lexical knowledge or mapped into phonological code were having lower 
accuracies.  
The serial position function for each stimulus was presented in Figure.4. The serial 
position function was flat. There was no statistical significant difference for the performance 
of two groups across different position. Also, both groups performed at chance level for all 
stimuli types and across the five positions. 
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Figure 4 Serial position functions (Accuracies) of dyslexic and control group in the 
two-alternative forced-choice task with different stimuli types. The vertical bars represent 
standard errors.  
 
Discussion 
From the result of four-way ANOVA, the stimuli type factor demonstrated significant 
main effect. It was found that the performance (accuracies) for lexical/ verbal materials 
(letters, digits and Chinese characters) was significantly better than the stimuli that carried no 
lexical knowledge or did not map into phonological code. This result is in line with that of 
experiment one. As the serial position functions for all stimuli was similar for both groups, 
the difference in performance for these stimuli again suggests that lexical knowledge or 
phonological knowledge can only assist in the overall recognition of a specific type of stimuli 
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but not affecting the visual processing mechanism of that stimulus. This does not support the 
hypothesis raised by Ziegler et al. (2010) in which phonological mapping is needed during 
processing of the multi-element array thus the poor performance in letters and digits is due to 
the deficit in mapping phonological code with its orthographic form. In the current 
experiment, the dyslexic group demonstrated similar performance as the CA control group 
and showing the same advantage on letters, digits and Chinese characters. This supports the 
argument that lexical or phonological ability is not necessarily tested in the current 
experiment. This can explain why deficit in mapping phonological code to orthographic form 
may not explain the result of developmental dyslexia as in Ziegler et al. (2010).  
From the result of the analysis of variance, the group type factor did not have significant 
main effect. This reflected that the CA control group and the dyslexic group performed 
similarly in the 2AFC task. However, the mean accuracies of both groups were at chance 
level and gave a flat serial position function across the five positions. There can be two 
reasons to account for this. First, the individual variations may be too large. In Figure.4, the 
error bars of the dyslexic group and the control group overlap each other for most of the 
positions of all stimuli. This will mask possible interaction effect for group. The small sample 
size with large individual variations contributes to the large standard error. Thus there is no 
significant main effect for the variable group. Secondly, it is possible that the result of the 
participants may not be representative. The current experiment employed a 2AFC task in 
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which participants were required to choose the answer from binary choice. The mean 
accuracies of their performance roughly ranged from 0.4-0.6 with little exception. This 
suggests that the result is at chance level and may be resulted from random response. Thus 
the result may not be able to explain the visual processing strategies that the participants have 
used. This can be resulted from the complexity of the task and the design of the experiment. 
Although verbal and written instructions were both given, the number of practice trials might 
not be enough for the participants to get used to the experimental procedures. Also, as they do 
not receive the test in rooms individually, their performances are more likely to be distracted 
by other environmental factors. This affected their attentiveness to the experiment. After all, 
the 2AFC task in processing multi-element array may not be sensitive enough to investigate 
the reading strategies of the children.  
Conclusions 
 The current studies investigated adult skilled Chinese readers, normally developed 
primary children and children with dyslexia on their ability in processing multi-element array 
containing different stimuli. Both experiments used the 2AFC task to record the response of 
the participants. The result of experiment 1 shows that skilled Chinese readers give an 
inverted V-shaped serial position function for all stimuli types. This is due to the drop of 
visual acuity from the central fixation. The results of the current studies do not support the 
hypothesis stated by Tydgat & Grainger (2009) about the presence of specialized receptive 
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field in normal readers for alphanumeric string. This suggests that Chinese readers learn to 
read differently as their Western counterpart. Also, both the adult participants and child 
participants in experiment 1 and 2 performed better in the lexical/verbal materials than 
non-lexical/non-verbal materials. This suggests that lexical meaning or the ability in mapping 
phonological code to orthographic code helped one’s visual processing. However, as the 
serial position function was the same for all stimuli for both dyslexic and control group, we 
hypothesizes that the lexical and phonological knowledge carried by the stimuli may not 
affect how the visual mechanism works in skilled Chinese readers. Further study should be 
done for Chinese stimuli with dissociation of lexical and phonological knowledge. This 
allows us to understand whether lexical or phonological information is more important in 
early stage of visual recognition.  
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Appendix I 
List of Logographeme Stimuli 
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